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Details of the free energy methods used in the molecular dynamics approach Along the reaction coordinate, first a steered dynamics run was performed to explore the reaction.
Then thermodynamic integration (TI) simulations initiated at selected configurations of this trajectory have been conducted. 1 Typical production runs were 10 ps long, from which the first 2 ps were discarded to account for equilibration. Three different reactions have been studied with TI. In all cases the reaction coordinate (collective variable, CV) was a suitable atomic distance which allows to avoid technical difficulties associated with the blue-moon type samplings. 2 The transition states obtained from the simulations have been verified by committor analysis. In committor analysis, a large number of independent simulations are performed starting from randomly selected configurations taken from the TS ensemble with initial velocities taken from the Boltzmann distribution at 300 K. The committor is the probability of reaching first the product state (or the reactant state). Ideally the committor is 0.5 (i.e. from the TS the system goes to the reactant and products states with equal probabilities). In practice, for the dimer formation, 80 initial configurations from the TS have been selected. The trajectories were allowed to evolve for 2.5 ps, then we searched for the first occurrence of d(N Cl) outside the 2.40 to 3.80 Å interval where the former value represent the product (dimer) and the latter, the reactant states. This way we obtained a ratio of 54:46 which is very close to the ideal equal probabilities. In case of the other TS-s, the procedure was the same, but the number of initial states and the product ratios differ slightly.
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The conversion of DCA into TCA under acidic condition Figure Step 1. We express the concentration of the MCA in terms of the pH and constants (total chloramine concentration, c 0 , and protonation constant, K p ). Step 2. Assuming a pre-equilibrium process, the observed rate constant can also be rewritten using the pH and other constants. Expression of the time-dependent absorbance in stopped-flow measurements.
Step 1. We first write down the rate equation for the disproportion process.
Step 2. We express the concentrations of A (monochloramine) and B (dichloramine).
Step 3. We use these expressions in the Beer-Lambert law to obtain the time dependence of the absorbance. It is important to note that this way the two absorbing species (mono-and dichloramine) are measured simultaneously using any wavelength. The selected 250 and 300 nm values were simply chosen so that the largest changes (see Fig. 3 ) can be observed.
Estimation of the uncertainty in the free energies calculated by MD
After performing constrained MD simulations, at each λ i value of the collective variable (CV, an N−Cl or N−H bond length in our case) we obtained a set of Lagrangian multipliers (dU/dλ).
Therefore, at each λ i , we can calculate the averages of the corresponding forces which are then integrated over λ to yield the free energy profile. 1
( )
( 2) From the sample average and standard deviation, the standard error of the mean (SE) can be derived using the block-averaging technique which accounts for the correlation of the Lagrangian multipliers in successive time frames during a single simulation. Among the many ways to visualize and analyze these results, 2 we chose a very simple approach, which is to plot the SE vs the block lengths, using the block variances. The SE usually converges to a value SE conv after a block length of 200 fs (Fig. 1 ). 
Detailed analysis of the static DFT energy profile
The energy profile shown in Fig. 7 has been simplified for the sake of clear presentation. IRC analysis (Fig. S3 ) of the MCA + HMCA dimer deprotonation TS at +7.1 kcal/mol reveals an additional intermediate at +6.0 kcal/mol, before the product state. This agrees with the MD simulations that also indicate a stable state near the TS (Fig. 8b) , which converts to the product state via thermal motion as committor analysis started from the TS ensemble yields a near 50-50 distribution of dimer and product configurations. The structure of the obtained product is shown in Fig. 7 . However, after evaluating a few conformers, a slightly more stable configuration is obtained. In Fig. 7 this lower energy is shown.
Both structures are included in the coordinates section.
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Cartesian coordinates and energies of the static DFT structures
The .xyz format provided here can be directly read by the free Avogadro or Mercury software. The energy values are in atomic units while the coordinates are in Angstroms. 
